Objective: The aim of our study was to evaluate the clinical features, to define the frequency of mutation type, to assess genotype-phenotype correlation and the response to colchicine in childhood-onset Familial Mediterranean fever (FMF) in Lebanon. Methods: The characteristics of 550 children, presenting with FMF symptoms between January 2003 and January 2013 and having a positive Mediterranean fever gene (MEFV gene) mutation, were prospectively investigated. The clinical and genetic characteristics as well as the response to colchicine and its side effects were studied in 321 FMF children. The mutations were correlated with clinical presentation and disease severity. Results: Out of the 321 patients (183 males and 138 females), abdominal pain was the most common presenting feature documented in 84.7%. Mutational analysis detected simple heterozygotes, compound heterozygotes and homozygotes in 56.4%, 30.9% and 11.2% patients respectively. The most frequent mutation was M694V (37.2%), followed by E148Q mutation (27.4%). 71% patients received colchicine therapy; only 33.3% of them showed complete response. Genotype-phenotype correlation showed that M694V followed by E148Q was associated with moderate to severe disease form (71.6% and 62.7% respectively, P = 0.005). There was no association between mutation type and colchicine response. Conclusion: The most important features were the predominance of the M694V and E148Q. The M694V subgroup, followed by E148Q subgroup had a high disease severity score. Our data indicate an enhanced expression of the disease with E148Q mutation.
Introduction
Familial Mediterranean fever (FMF) is the most frequent periodic syndrome characterized by self-limited recurrent attacks of fever and serositis. It is an autosomal-recessive disorder that predominantly affects people from the Mediterranean region, including Sephardic Jews, Turks, Armenians, and Arabs [1] . FMF is caused by mutations in the Mediterranean fever (MEFV) gene, which is located on the short (p) arm of chromosome 16 at position 13.3. The gene encodes a protein called pyrin/maronestrin that regulates neutrophil activity [2] .
Five founding mutations M694V, V726A, M680I, M694I (in exon 10), and E148Q (in exon 2) are the most common MEFV mutations [3] .
FMF is diagnosed mainly by clinical criteria based on Tel Hashomer criteria for the diagnosis of FMF [4] ( Table 1) . Genetic analysis is used to confirm the diagnosis and is especially helpful in oligosymptomatic patients [5] . Phenotype and genotype correlation in FMF has not been explained definitely [6] . The most devastating complication of FMF is AA-type amyloidosis with prominent renal involvement. Colchicine is the mainstay of FMF treatment; it can prevent attacks, amyloid deposition, and mortality from this complication.
There are limited data regarding the features of FMF in Lebanon, particularly among children.
The objectives of the present study are as follows: i) to review clinical and demographic features of patients with childhood-onset FMF in Lebanon, ii) to evaluate the frequency of most common mutations of FMF gene, iii) to investigate whether there is phenotype-genotype correlation in this population, and iv) to identify any adverse effects of colchicine in pediatric patients with FMF.
Materials and Methods
The pediatric cohort study group included five hundred fifty FMF Lebanese children with positive MEFV gene mutation. Patients included in the study aged 18 years or younger and referred with FMF symptoms, from various pediatric clinics to the Laboratory Department of genetic testing at Saint-Josef University, between January 2003 and January 2013, were included in the study. All of them had at least one MEFV gene mutation. The study was approved by the Institutional Review Board at Makassed General Hospital, Beirut, Lebanon, and all children with their caregivers gave informed consent to the study.
The criteria to include patients were: 1) age at FMF diagnosis ≤ 18 years, 2) with at least one MEFV gene mutation, 3) presenting with short attacks of fever at varying intervals or painful sensation in the abdomen, chest and joint or with skin manifestations, with absence of any pathological finding capable in itself explaining the clinical picture and 4) being of Lebanese nationality.
The demographic and clinical characteristics, results of MEFV gene mutation analysis were recorded and analyzed. Baseline characteristics including age, gender, date of birth, country of origin, religion, parental consanguinity, family history of FMF or renal amyloidosis, affected relatives with FMF, age of onset of disease and age at diagnosis were all determined. Clinical manifestations including features such as duration and frequency of fever, abdominal pain, arthralgia, chest pain, headache, vomiting, diarrhea, constipation, myalgia, cutaneous manifestations, liver involvement, number of the attacks, previous hospitalizations and surgeries done prior to diagnosis were also determined for the study.
The efficiency of colchicine in suppressing the attacks, including colchicine doses, possible side effects and number of FMF attacks after colchicine treatment, were all evaluated. Response to colchicine treatment was To assess the severity of the disease, we used a disease severity score adapted by Ozen et al. A total score of 3-5 is accepted as mild, 6-9 is moderate and above 9 is severe disease [7] ( Table 2) .
For specified evaluation of phenotype-genotype correlation, the patients underwent three different types of classifications. First, the patients were classified according to M694V gene mutation into three groups: Group I, M694V/M694V; Group II, M694V/other; and Group III, other/other. Second, the patients were classified according to the genotypes with one or two mutations of M694V, E148Q, V726A group and others (other mutations).
The two classifications were compared in terms of age of onset, age at diagnosis, time interval between the disease onset and diagnosis, fever, abdominal pain, arthralgia, chest pain, severity of the disease and response to colchicine.
The MEFV Gene Mutation Analysis
Molecular diagnosis of FMF was carried out in the Laboratory Department for genetic testing at Saint-Josef University. 3 ml of blood was withdrawn from each patient into tubes containing ethylenediamine-tetraacetic acid. DNA was extracted using a commercial kit; sequencing was performed for the analysis of the MEFV gene. MEFV gene at exons 2, 3, 5, 10 was screened for the causative mutations, approximately for more than 30 mutations (Figure 1) . PCR products from genomic DNA were purified using the illustra TM GFX PCR DNA and Gel Band Purification Kit (GE Healthcare, Buckinghamshire, UK), and both strands of the resultant products were sequenced using the BigDye® Terminator v1.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA) under standard conditions. The labeled products were subjected to electrophoresis on an ABI 3130 Genetic Analyzer sequencing system (Applied Biosystems, Foster City, CA, USA). Electropherograms were analyzed using Sequence Analysis Software version 5.2 (Applied Biosystems, Foster City, CA, USA) and compared to reference sequences using ChromasPro version 1.7.5.4 (Technelysium, Queensland, Australia). A total score of 3 -5 is accepted as mild, 6 -9 is moderate and >9 is severe disease. * Starting colchicine doses for children with familial Mediterranean fever: <5 years, 0.5 mg/day; 5 -10 years, 1.0 mg/day; >10 years, 1.5 mg/day. 
Statistical Analysis
All the analyses were performed using SPSS version 19. The data were presented as mean ± SD or number (percent). One Way ANOVA and Chi-square test were utilized to assess significance differences among the groups. Nonparametric test (goodness of fit) was used to compare the results of this study with those of other studies. P-value < 0.05 was considered significant.
Results
The study population was composed of a total of 550 FMF Lebanese children; all were included in the MEFV mutational analysis. However, only 321 children with FMF were included in the analysis of demographic and clinical characteristics, use of colchicine and phenotype-genotype correlation. The remaining 229 children with FMF were excluded from the above analysis due to lack of clinical information or incomplete chart data.
Genetic data: Table 3 demonstrates the MEFV mutations that were detected in 550 FMF children, of whom 310 (56.4%) were simple heterozygotes, 170 (30.9%) were compound heterozygotes, 62 (11.2%) were homozygotes and 8 (1.5%) were complex heterozygotes. Regarding frequency of each identified MEFV mutation, M694V was found to be the most common mutation and was detected in 205/550 (37.2%). E148Q was the second most common mutation and was detected in 151/550 (27.4%), followed by V726A in 139/550 (25.3%), then M680I in 96/550 (17.4%) and then M694I in 84/550 (15.3%) of children with FMF.
Clinical data: Of the 321 children with FMF, 183 (57%) were males and 138 (43%) were females (male/ female ratio 1.1:1).The mean age of onset 4.61 ± 3.76 years (range from 1 month to 16 years of age).The mean age at diagnosis onset was 7.08 ± 4.24 years. The mean delay in diagnosis of FMF in Lebanese children was 2.63 ± 2.08 years. When the data were analyzed with regard to child's parental region of origin and religion, 44.9% had originated from South Lebanon, followed by North Lebanon (25.5%) and then from the capital Beirut (19.3%). Regarding the religion, it was noticed that 83.2% of FMF children were Moslems and 16.2% were Christians. Consanguinity rate was 11.5% in the families of the children with FMF. Family history of FMF was noticed in 40.8%. Family history of renal amyloidosis was noted only in 2 (0.6%) children with FMF.
The main clinical characteristics of the patients were as follow : Abdominal pain was the most common form of presentation (84.7%), followed by fever (78.2%). 40.8% of children with FMF had attack frequency of one or two attacks per month, and most of the patients (94.7%) had attack duration less than 5 days. Eight patients (2.5%) underwent appendectomy prior to the diagnosis. 144 patients with FMF (44.9%) were hospitalized, and in most cases (88.2%), 1-3 times prior the diagnosis of FMF. None of the 321 patients studied developed renal amyloidosis over the period of follow up. The distribution of FMF disease severity score was as follows: mild disease (a score = 3 -5) in 132 (41.1%), moderate (a score = 6 -9) in 187 (58.3%) and severe (a score > 9) in 2 (0.6%) ( Table 4) .
Response to colchicine treatment Of the 321 patients, 228 (71%) patients were treated with colchicine. Regarding the colchicine dosage for age, we found that 148 (64.9%) patients were receiving colchicine dose less than appropriate for age, and only 68 (29.8%) patients were receiving the appropriate dose for age, whereas, 12 (5.3%) patients were receiving colchi- cine dose more than required for age. 76 (33.3%) patients on colchicine responded with complete remission, whereas, 119 (52.2%) patients showed incomplete response and 33 (14.5%) patients did not show any response to colchicine. Colchicine was well tolerated by most of our patients. Only 64 (28%) of FMF patients treated with colchicine developed adverse events. The most reported adverse effects was diarrhea in 28 (12.3%) FMF patients treated with colchicine, headache in 17 (7.5%), vomiting in 8 (3.5%), rash in 5 (2.2%), muscle weakness in 4 (1.8%) and both thrombocytopenia and leucopenia were observed in one (0.4%) patient only.
Genotype-phenotype correlation Table 5 summarizes the distribution of phenotypic features according to the existence of the M694V mutation among the three groups. The age of onset of symptoms was earlier in both (M694V/M694V) and (M694V/other) groups in comparison with (other/other) group (P = 0.04). Regarding the clinical features, fever was significantly higher in both (M694V/M694V) and (M694V/other) groups in comparison with (other/other) group (P = 0.018). Patients with homozygous M694V had higher rates of arthralgia and hospitalization prior to FMF diagnosis in comparison with the other groups (P = 0.032 and P = 0.015 respectively). Regarding severity score, patients homozygous for M694V had a higher severity score compared with other groups (P = 0.008). There was no statistically significant difference among the studied groups concerning response to colchicine treatment.
While the patients were divided into four subgroups according to genotypes of one or two mutations of M694V, E148Q, V726A and others, fever and chest pain were found to be more frequent in M694V and V726A subgroups when compared to other subgroups (P = 0.003 and P = 0.007 respectively).The M694V subgroup, followed by E148Q subgroup had higher disease severity score (moderate and severe), compared to other subgroups (P = 0.005). There was no statistically significant difference among the studied groups concerning response to colchicine treatment ( Table 6 ). 
Discussion
The data in this study was obtained from the Laboratory Department of genetic testing at the Saint-Josef University that nearly all FMF suspected children in Lebanon were referred. Our study is the first that exclusively examine FMF children with positive MEFV mutation in Lebanon.
In our study, 56.4% of FMF children were simple heterozygous. The possible explanation of this high rate of simple heterozyosity that give rise to FMF phenotype is the presence of one or more modifying alleles in other related genes, or other environmental factors. More recent study found a higher frequency of carriers for highly penetrant FMF mutations among patients with systemic inflammatory response syndrome and sepsis [8] .
In our study, M694V was detected as the most common mutation (37.2%) which is similar to almost all population except for Iraqis who witness a total absence of this allele [9] . In other various studies including Turks, the prevalence of M694V mutation was reported as 48%, 52%, 42% and 71% respectively [10] - [13] . E148Q is recognized to be the least penetrant mutation, and it has been more frequent in the healthy general population than in FMF patients, and some investigators look at it as "functional polymorphism "or as "sequence variant" [14] [15] . The most distinctive finding of the present study was the highest frequency of E148Q mutation, being the second most common mutation in FMF children. V726A was the third most frequent mutation, whereas, it is the second most common mutation seen in Armenian, Arabs, and Jews [9] [16] [17] . M680I is found mainly in Armenian and Arabs [11] [16] . In our study, M680I was the fourth most common mutation; similar to that reported in other Arab patients [9] . M694I was the fifth most common mutation in this study. Recent publications have shown that M694I was found mainly in Arabs, whereas it is less common in Turks and not found in Jews [18] . In an Egyptian study, among 66 patients, M694V was the most frequent allelic gene mutations followed by V726A then M680I (18.8%, 17.4% and 12.1% respectively) [12] . In other studies conducted by both Touitou et al. and the Turkish FMF study group, the most common MEFV mutation in Turkey is M694V (57% and 51% respectively) followed by M680I (16.5% and 14.4% respectively) and V726A (13.9% and 8.6% respectively) [14] [19] .
Most of the studies reported that FMF affect both sexes equally, with male or female predominance was also reported in different series [11] [20] . In our study, FMF affects both genders in a similar ratio. Regarding the child's parental origin of region and religion, FMF was more frequent in those originating from South Lebanon (44.9%) and 87.2% of FMF children were of Moslem religion. This could be explained by the increase rate of consanguinity, gene frequency, and being derived from an ancient common ancestral population.
The onset of clinical manifestations in FMF occurs before 5 years of age in 63% -68% of cases and before 20 years of age in 90% of cases. However, the onset may be as early as 6 months of age [21] . In our study, 85% of FMF children started to experience symptoms before 10 years of age which is similar to that reported in literature [22] . Upon comparing our study with pediatric FMF studies conducted in nearby countries, namely Syria [23] , Egypt [24] and Turkey [25] , our study population had age of onset much earlier than that reported in these studies ( Table 6 ). This earlier age of onset that was observed in our study may be explained by the early detection of FMF patients, clarity of symptoms and the presence of family history of FMF (40.8%).
Although fever is the symptom for which the disease is named, and although fever has been seen in 100% of patients in some reports, an incidence of only 80-85% has been observed in some studies [13] [26] . In our study the most common clinical symptom was abdominal pain, with fever being the second most common.
In our study, 8 of 321(2.5%) patients underwent appendectomy, which was less than that reported by Talaat et al, who had 4 of 70 (5.7%) FMF patients underwent appendectomy [27] . Settin et al. reported a higher percent of patients who underwent surgery; 15 of 66 (22.7%) patients underwent laparotomy either for exploration or for appendectomy [24] . This could be the result of the severe abdominal pain associated with FMF in children that mimicked a surgical cause of that pain.
The percentage of colchicine non responders in this study (14.5%) was higher than that reported in the other ethnic groups (5% -10%) [28] [29] . This could be attributed to the noncompliance, inappropriate dosage and side effects of colchicine. These factors could affect the results of our study because we didn't monitor the compliance of our patients in routine clinical control visits and patients who missed doses of colchicine were not excluded. Also, it has been previously suggested that colchicine treatment failure is associated with decreased concentration of the drug in the mononuclear cells. Lidar et al suggested new findings that could be associated with colchicine treatment failure related to the difference in colchicine concentration in mononuclear cells (MNC) of the FMF patients. Lidar el al attributed this finding to the difference of activity of the P-glycoprotein (P-gp) efflux pump that is responsible for colchicine transport encoded by the MDR-1 gene which is an important modifier genetic factor that affects colchicine responsiveness, and as a result the course of the disease.
Studies conducted after the discovery of the gene (MEFV) related to FMF focused particularly on phenotypicgenotypic associations of this clinically heterogenic disease. Although results of these studies were sometimes confusing, they clarified that phenotypic-genotypic association of FMF is multifactorial and fairly complex.
Studies pointed out those patients who are carriers of the M694V mutation have more severe phenotypic characteristics [16] [30]- [32] . Data from our study point toward an association between M694V and disease severity. When comparing patients according to M694V mutation, the M694V homozygous and heterozygous mutations have been shown together to have a moderate to severe disease activity (P = 0.02) in comparison with other/other group ( Table 5) . A recent study suggested that having a M694V mutation (for heterozygosity and homozygosity) increase the disease severity significantly in FMF children [33] . Homozygous M694V was shown to have increased frequency of joint affection, and rates of hospitalization than other groups ( Table 5) .
When comparing the groups according to different genotypes, moderate to severe disease was observed in M694V subgroup then followed by E148Q subgroup (P = 0.02),which was different than that reported in other studies that E148Q tend to have a mild clinical course [14] . This implies that E148Q is a disease-causing MEFV mutation as shown by Topaloglu et al. and most of who have this mutation are symptomatic and require treatment [31] . Clinical heterogeneity is observed in patients with E148Q mutation, ranging from absence of symptoms to severe symptoms [34] . This might be attributed to the presence of other genetic modifiers that may link to E148Q and which are as yet unknown may play a role in enhancing the expression of the disease. Besides E148Q mutation might have an up regulating effect on inflammation in both FMF and other chronic inflammatory processes. Thus, further prospective studies are required to empathize more the role of E148Q mutation in FMF.
In our study, there was no correlation between the response to colchicine and the different genotypes, however Oguz et al., established the relationship between M694V homozygosity and the unresponsiveness to colchicine treatment [25] .
Since none of our patients developed amyloidosis, we could not conclude any association between M694V and the development of amyloidosis.
Conclusion
In conclusion, our study was the first to demonstrate the clinical features of childhood-onset Familial Mediterranean Fever (FMF), to define the frequency of mutation type, to assess genotype-phenotype correlation and the response to colchicine in FMF Lebanese children. This study established new aspects related to the spectrum of MEFV mutations and confirmed the mutational heterogeneity of FMF in Lebanon. The genotype distribution of FMF children in Lebanon was found to be different from other countries. The M694V is the most common mutation and seems to have an association with a more severe course and an earlier onset of the disease. On the other hand, E148Q was the second most common frequent mutation, and showed a relatively moderate disease severity.
Our study supports the mounting evidence that single heterozygotes may be associated with more severe FMF symptoms.
